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(54) BETPOTyPBMHHAj^ 3J1EKTPOCTAHL4M51 

(57) PecjDepaT: 

H3o6peTeHne othocmtc^i k o6jiacTi/i 
BeTpo3HepreTMKH. TexHu^ecKUM peaynbiaT, 
aaKTifOHafOLHHMCfl b noBbiLueHMH Kflfl n 
craGi/inbHOCTM 3neKTpoflBH>KyLneM cunbi npn 
M3MeHeHHM CKopocTH BBTpa n HarpysKM 
sneKTporeHepaTopa, oSecneHi^Baercfl aa chbt 
TOrO, HTO B BeTpOTyp6HHHOM 3neKTpocTaHi4nn, 

coAep>KaLi^eM ycunnTejib CKopocTH Beipa, 
BosAyujHyio Typ6MHy m reHepaiop nocTOAHHoro 



TOKa CO CTa6nriM3aTopoM 3neKTpoflBM>KyLL^eM 
cnjibi, cornacHO M3o6peTeHMHD ycujinTenb 
CKopocTM Berpa, /],ByxcTyneH'-iaTa5i B03AyLiiHa?i 
Typ6MHa n ojieKTporeHeparop nocTOfiHHoro TOKa 
CO CTa6nriM3aTopoM 3rieKTpoABM>KyLJ4eM cnjibi 
BKJiroHeHbi nocjieAOBaTenbHO. 5 a.n. c(D-nbi, 8 nn. 
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MsoGpereHne othocmtca k o6jiacTM 
3Heproc6eperaHDLi4MX rexHOJiorMM, b HacTHOCTM k 
oenacTM McnojibaoBaHMJi SHepmn eerpa f\n9\ 
nonyHeHMfl sneKiposHeprnn. AKTyanbHOCTb 
peujeHMfl SHepreTMHecKoC^ npo6neMbi 
onpeflejineTCfl He TOJibKO ncToineHneM 
opraHMMecKkix hctomhmkob SHeprnki (HecpTb, raa, 
yrorib), ho h aKonornMecKiiM epeAOM ot mx 
cropaHMfl. Ha aiy npo6neMy o6painafOT 
BHMMaHMe M KpynheMLUkie HecjDTeraaoBbie 
KOMnaHMM M npaBMTejibCTBa HeKOTOpblX CTpaH. 

TaK B [1] cooGu^aeTCfl, hto KowinaHUfl "PoPian 
flaiH LUenn" Bbiflejinna na paapaGoTKM b 
o6nacTM McnojibsoBaHMn aHepmn Bejpa, conHL4a 
M pacTMTenbHocTM 500 mjih. AonnapoB m, no ee 
npomoaaw, k 2010 r. MnpoBOM puHOK TonbKO 
cojiHe^HoC^ GHepreTMKM AOCTurheT 6 wnp. 
flOJiJiapoB, BMecTO HacTOflLL^ero 1 Mnp. 
flOJiJiapoB. B [2] coo6LL^aeTCfl, hto 
npaBMTejibCTBo flannn njiahnpyeT k 2030 r. 
yBennHMTb Aonio coriHeHHoPi m BerpoBoC^ 
3HepreTi>iKM b oei^eM 6anaHce c 4% ao 30%, a b 
[3] coo6ii^aeTcyi, hto b ronnaHAHn b Hanane 
HOBoro TbicflHeneTMfl npeAnonaraeTCfl BHeApnTb 
5000 BeTpoaneKTpocTaHi^nR m 20% 
noTpe6nTeneM ajieiapoanepruM nojiynnTb aa 
CHST BeTpa. AHajiorMHHan aaAana pemaeTCfl b 
[4]. B [5, 6] npuBOA^iTCfi AaHHbie atifi 
2-nonacTHoro KpbiJibHaroro BerpoABMraTerifl 
MOinHOCTbfo AO 3000 kBt, AnnHoti nonacTeM 100 

M M LUHpHHOtl 5 M. B [7] npMBOA^lTCfl 
KOHCTpyKL4MM BeTpo3HepreTMHecKMX yCiaHOBOK n 
npuMeHeHne nx, b HacTHOcin, b cenbCKOM 
xoaaPiCTBe. B [8] bboa^itc^i 3-v\ bmab 
KOHCTpyKL4HM BeTpoABMraieneM (KpbiJibHaibie, 
KapyceribHbie m 6apa6aHHbie). OcHOBHbiM 
HGAOCTaTKOM cyLU,ecTByK)LHMX BeTpoABMraTeneM 
fiBri?ieTC5^ ManbiM KoacjDcjDMUiMeHT ncnojibaoBaHMfi 
nnoinaAi^ BeipoBoro Koneca (oTHOLueHMe 
nnoLi^aAn nonacTeti k nnoLJj,aAH ceHennfl 
i^njiMHAPL^HecKoro BeTpoBoro naMMHapHoro 
noTOKa Ha nonacTn). TaK An?i KpbiJibHaTbix ohm 
AOCTurafOT 0,42 {^n9\ MHorojionacTHbix), a A^fi 
KapyceribHbix m 6apa6aHHbix Bcero 0,1. fljifl 
rnraHTCKoro BeipoABuraTenfl [5, 6] oh 
cx)CTaBn5^eT Bcero 0,03. 

l/l3BecTHa BeTpoTyp6MHHafl oneKipocTaHi^ufi, 
coAep>KaLLJ,afl ycMJinTenb CKopocTH Beipa, 
BOSAyLUHyfo ryp^MHy n reHepaiop nocToaHHoro 
TOKa CO craSnjii/iaaTopoM 3JieKTpoABH>KyLneM 
curibi (CM. RU, 2147693 CI , Kn. F 03 D 1/04, 
20.04.2000, 7 c), no coBOKynnocTH 
cyLL^ecTBeHHbix npnaHaKOB, npuHfliaii sa 
6nM>KaMiuMM aHanor (npoTOTkin) M3o6peTeHi/ifl. 

HeAocTaTKaMU sneicrpocTaHL^MM flsnflioTCfl 
HM3KMM Kflfl M yflenbHafl Mou^HOCTb flBMrarenfl. 

TexHMHecKMM peayjibTar, aaKPfOHatou^nPicfl b 

nOBbllUeHMM Kflfl M CTa6MnbHOCTM 

3neKTpoABki>KyLL4eM CMJibi npM MaMeneHMki 
cKopocTi/i BeTpa M HarpyaKM aneicrporeHepaTopa, 
o6ecneHMBaeTC5i aa cneT Toro, hto b 
BerpoTypenHHOM GfieKTpocTaHunn, cx)Aep>KaLAeM 
ycMfiMTenb cKopocTn seTpa, BoaAyuJHyHD 
Typ6MHy M renepaTop nocToyiHHoro TOKa co 
CTaeMJinaaTopoM 3neKTpoABM>KyLJ4eC^ cunbi, 
cornacHO M3o6peTeHM[o ycunmerib CKopocTH 
Berpa, AByxcTyneHHaTan BoaAyLunaa Typ6MHa m 
sneKTporeHepaTop nocroAHHoro TOKa co 
CTaSMJiMaaTopoM 3neKTpoABM>KyLAePi CMJibi 
BKHMDHeHbi nocjieAOBaTenbHO, npn 3tom 
ycMfiMTejib CKopocTM BeTpa cocTOMT na AByx 
KonycoB BHSiuHero n BHyipeHHero, 
pacnono)KeHHbix HaacTpeny APyr APyry cbommm 

BepUJMHaMI/1 1/1 OKMMaHDLAMMM BOaAyLUHblD^ HOTOK, 

ysenMHUBan CKopocTb BeTpa. BoaAyLunafl 
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Typ6MHa COCTOMT M3 AByx nocneAOBaTenbHbix 
CTyneHBM, npMHeM nepBaa CTynenb paSoTaeT na 
jiaMMHapHbiM BoaAyuJHbiR hotok, a BTopaa na 
BMxpeaoM. fln^i nojiyHeHMfl wiaKCMManbHoro 
BpamaioLAerocfl MoweHia na sa/iax poTopoB 
CTyneneM nonaTKM (nonacTM) poTopoB 

pacnojiaraHDTCfl noA ymoM 45 ° k ocm 
BpameHMfl, a no OTHOiueHMKD CTynenet^ - noA 

yrnoM 90°, Ana cornacosaHMfl nanpaBneHMfl 
BpaLneHM^i poTopoB CTyneneCl m coochoctm 
BarioB poTopoB Me>KAy cryneHfiMM 
npeAycMoipeH cornacyfou^MM peAyKiop c 3-m?i 
3y6HaTbiMM aai^enneHM^iMM, a b CTa6MJiM3aTope 
3neKTpoABM>KyLL^eM CMJibi npeAycMOTpeHO 
ycrpoMCTBO, 4>opMMpyfOLJ4ee TeKyiuee SHaMeHMe 
3flC, cocTOflLL^ee m3 HejiMHBMHoro sjieivieHTa, 

BXOAOM B KOTOpbIM flBJIfleiCfl TOK B036y>KAeHMiR, 

a BbixoAOM - CMman, nponopuMOHanbHbiM 
MarHMTHOMy noroKy m MHo>KMTeribHoro 
aneivieHTa, b KOTopbiM bxoa^it CMTHanbi or 
HeriMHeMHoro srieMeHTa m or A^THMKa yrnoBOM 
CKopocTM (TaxoreHepaTopa), a BbixoAOM - 
Hanpfl>KeHMe, paBHoe 3flC, Koropoe 
cpaBHUBaerca c aaflaHHbiM, m oiKJioHeHMe 
noAaeTCfl b 6noK ynpaBJieHMfl tokom 
B036y>KAeHnsq reHepajopa. 

riocTaBneHHafi aaAana peLuaeic^i, cornacHO 
ctDMr.1, arperaTOM, coctojilumm m3 cneAyioiAMX 
Sjiokob: 

1 - ycuriMTenb CKopocTH seTpa; 

2 - B03AyLiiHafl Typ6MHa; 

3 - sneKTporeHepaTop nocTOfiHHoro JOKa; 

4 - CTa6MnM3aTop 3neKTpoABM>Kyii^eM cmjin 
reHepajopa 3; 

Nb - MOLUHOCTb BXOAHoro noTOKa BeTpa; 
Ny - BbixoAHasi MOiAHOCTb ycMJiMTen^i 1 ; 

N-r - BblXOAHaa MOLUHOCTb Typ6MHbl 2\ 
Np - BblXOAHaJI MOLUHOCTb 

aneKTporeHepaTopa 3; 

Vg - JiMHewHafi CKopocTb Ha bxoa© 1; 
Vy - nnHeMHasq CKopocTb Ha Bbixofte 2; 

- ymoBan CKopocib BbixoAHoro sana 

Typ6MHbi 2 M reHepajopa 3; 

Up - Hanpjq>KeHMe na 3a>KMMax 3; 

ig - JOK B036y>KAeHMn 3. 

3HepreTMHecKan CBfiab Me>KAy 6noKaMM na 
cjDMr.l yKasana BepxHMMM crperiKaiviM Me>KAy 

MOLAHOCTj^MM N b, Ny, Ny M Np M aHaJIMTMHeCKM 

onpeAe-n^ieTca ypasHeHUfiMM (1), (2), (3) 



Ny = riy.N 



(1) 



Nt = TiT-Ny = ri^Tiy^Ne. (2) 

Nr = rir-Ny = r|r«Ti-r«r|y#NB = riac^Ne, (3) 

rAe r|y, T|-r, - Kflfl ycMJiMjenyi, jyp6MHbi m 
renepajopa, a - Kflfl sneKTpocTannMM b 
i^enoM. 

AnariMTMHecKafi CBiiab Me>KAy CKopocTflMM 
onpeAennjcfl ypaBHennflMH (4) m (5) 

Vy=Ky.Vy, (4) 
(£>J - Ky^Vy, (5) 

rAe Ky - KoacpcpMi^MeHT ycMneHMfl ycMJiMTenfl 

1, 

Ky - K03c|DcjDMi4neHJ nepeASHM rypGnHbi 2. 

Ha cjDMr.2 npeACTaBJien HepTe>K KOHCTpyKi^MM 
BeTpoABMraiejifi, cocjofiL^eM m3 2-x Gjiokob 
ycMJiMjenjR CKopocjM m jypGMHbi, na KOJopoM 
o6o3Ha'HeHo: 

1 - BHeujHMM yceneHHbiM Konyc ycMJiMjenn 
CKopocTM; 

2 - BHyrpeHHMM Konyc ycMJiMTen?i CKopocTn; 

3 - BxoAHa5^ KpbiLUKa craTopa nepBOM 
CTynsHM Typ6MHbi; 

4 - nonaTKM pojopa nepBOM cjyneHM; 
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5 - i4MnMHflpMHecKan nacTb CTaropa nepBOM 
cryneHM; 

6 - BbixoflHafl KpbiiuKa craropa nepBoR 
cryneHM ; 

7 - L^miMHflpMHecKafl MacTb, coeAUHflioLL^afl 
CTaropbi nepBOM m BTopoM cxyneHU rypBuHbi; 

8 - nepsAHflfl KpbiiuKa CTaropa BiopoR 
ciyneHu; 

9 - i^MJiHHflpuHecKafl HacTb CTaropa BTopoM 
cryneHM; 

10 - saAHflfi KpbiLUKa craropa sropoM 
cryneHM; 

11 - L^MJIMHApMHeCKMe OKHa B KpblLUKaX 

craropoB; 

12 - peAyKTop Me>KAy cryneHflMM rypBuHbi; 

13 - JionaTKM poTopa BropoM cryneHM 

rypSMHbi; 

14 - Ban poTopa nepsoM cryneHM ryp6MHbi; 

15 - Ban poTopa sropoM cryneHM rypBMHbi. 
OrjiMHMrejibHbiM npMsnaKOM npsAnaraeMoro 

Berporyp6MHHoro ASMrarenfl yiBn^ercfl HariMHMe 
ycMfiMrenfl CKopocrM serpa, cocrojiLAero m3 2-x 
KOHyCOB, Me>KAy KoropbiMM npoxoAUT 

OKMMaiOLUMt^Cfl B03AyLLIHblt^ HOTOK, M 

2-cryneHHaTot^ ryp6MHbi, cryneHM KoropoR 
cosAMHeHbi comacyiOLJ4MM peAyKropoM, 
Ha3Ha"-ieHMe Koroporo comacoBarb 

HanpaBJieHMe epameHnsq earioB poTopoB nepeoM 

M BTOpOM CeKI4MM Typ^MHbl (ecnM pOTOpbl CeKIJ,MM 
COeAMHMTb OAHMM BaflOM, TO Typ^MHa pa^OTBTb 

He SyAer). 

KaHSCTBeHHafl cropoHa paGoTbi rypSMHbi 
onpefleiisReTcsq cneAyKDLneM 
nocneflOBarenbHocrbfo. LinnnHflpuHecKHM 
naiwiMHapHbiM noroK serpa Oq. AnawerpoM 
D 0 (cjDMr.2), oGnaAafoiUMM MOiUHOCTbHD N^, 

BXOAur B Me>KKOHycHoe npocrpancrBO 
ycMJiMrenfl CKopocTM Berpa. Hacrb sneprMM 
norepflercfl npM orpa>KeHMM or KOHMMecKoC^ 
noBepxHOCTM M npeBparMrcjR b renno m 
BHyrpeHHKDfo aneprMW KonycoB. rioaroMy noroK 
serpa na BbixoAe ycMnMrenn m BXOAe b ryp6MHy 
6yAer MMerb MOLAHOCTb MeHbiLiyto na BeriMMMHy 
srMx norepb. 

Mepes L^nriMHAPMHecKoe okho c 3-M51 
nepeMbiHKaMM Me>KAy BepxneM m HM>KHeM nacrbto 
KpbiiUKM craropa nepsoM crynehu 3 (ctiMr.2) 
B03AyuJHbiR noroK nonaAaer na nonacrM 4 noA 
yrnoM ot, K HopwiaM nnocKocrM nonaroK. 

ripM a=45° nojiyHaercfl max BpaiAatoLi^erocfl 
MOMenra na sany poropa nepBoR ceKi^MM, a 
cooTBercrBeHHO, m MoiAHocrM. 

Ha nonarKe BerpoBOM noroK pa3naraeTcn na 

ABe nepneHAMKyn;ipHbie Macru, OAHa us Koropbix 
coBnaAaei c HopivianbK) k nonarKe, a BTopaa 
napannenbHo e\A, Koropa^i npeBpaLAaerc?! ms 
naMMHapHoro b EMxpeeoM noroK, KoropbiM nepes 
aaAHee okho KpbiLUKM 6 (0Mr.2) npoxoAur na 

BXOA BTOpOM CeKL^MM KpbiLUKM 8 M Hepe3 OKHO 

nocrynaer na nonarKM 13 poropa BropoM 
ceKL^MM, KOTopbie pacnono>KeHbi 

nepneHAMKyn^pHO nonarKaM nepeoM ceKiJ,MM m 
o6ecneMMBaK)T max nepeAaeaeMoro 

BpaLnafCLnero MOMeHia, a cooiBercTBeHHO, m 
MOLAHOCTM. BcneACTBMe nepneHAMKynapHoro 
pacnono>KeHMfi nonaroK poropa nepBOM m 
BropoM ceKi^MM ryp6MHbi spaiAeHMe poropoB 
SyAer BsanwHO nporMBonono>KHoe (6e3 
peAyKropa), noaroiviy atiji cornacoBaHM?i 
Heo6xoAMMO co6nK)Aarb b peAyKrope 
HenerHocrb 3aiJ,enneHMM luecrepeH m ycnoBMe 
coocHocrM oceM poropoB. TaKUM oSpasoM, 
MOLAHocTb Ha Bany poropa BropoM ceKi4nn 6yAer 
onpeAenflTbc?! KaK MounHOCTbKD nepsoM, raK m 

BTOpOM CeKL^MM (apMCjDIVierMHeCKOM CyMMOM) M 
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nepeAasarbcn aneiaporeHeparopy nepes Ban 
15. 

KonMHecTBeHHbie coorHOLueHMfl Me>KAy 
SHepreTMHecKMMM BenMHMHawM (moiahoctm, 
CMJiaMM, AaBJieHMflMM) M reoMerpMeC^ 
BeTpoTyp6MHHoro ABMrarenn mo>kho 
onpeAenMTb Ann serpoBbix noroKos; 
i^MnMHAPMHecKoro BXOAHoro b ycMnMrenb, 
orpa>KeHHoro or KonycoB ycMnMrenn m 
OTpa>KeHHoro or JionaroK poropoB ceKi^Mii 
ryp6MHbi M npespaiAaioiAMx nocrynarenbHoe 
ABM>KeHMe B03Ayxa bo BpaiAahDiAee ABM>KeHMe 
poropoB rypGnHbi. 

SnepreTMHecKMe BennHMHbi 
^MnMHAPM'^ecKo^o BXOAHoro noroKa 

AMaMerpa Dq (cpMr. 2) onpeAensiKDrcfl cornacHO 

c|3Mr.3 ATifi npMpaiAeHMfl KMHewarMHecKoR 
sneprMM (6) 

dW = dmxvi:2 = p«jc.Do*vLdx:8, (6) 

TAe p - nnoTHocTb BosAyxa, 

Do - AnsiMSTp BXOAHoro BHeiuHero Konyca 

ycMJiMTenfl CKOpOCTM, 

Vg - cKopocTb naMMHapHoro noroKa Berpa, 

dx - oneivieHT nyrn b HanpaBnehnn serpa. 

EcnM (6) pasAenMTb na sneMenr speivieHM dt, 
ro nonyHMM Bbipa>KeHMe a^^i iwoLAHOcrM Broporo 
noroKa Nq (7) 



2 2 

N = dH: dl; = p*V*D *V •Cdx:d1^>:8 = 
e Ob 



Z 3 

= p»n*D -v :8. 

D B 



C7> 



Pa3AenMB (6) na anerwenr dx, nonyHMM 
Bbipa>KeHMe Ann CMnbi BerpoBoro noroKa (8) 

Fb =dW:dx = p.7i.Do*vf :8. (8) 

A ynnrbiBafl noH^iTMe AaBJieHUfi KaK 
orHOLjjeHM5R CMnbi Ha nnoLAaAb, ro atiji Hero 
nonyMMM 

Pb = (Fb:Sb) = p.V§:2, (9) 

TA© SB=7r.Do^:4 - nnoiAaAb ceneHUfl 
BerpoBoro noroKa b HanpaBneHMH x. 

Pa6ora BOSAyi-UHoro noroKa b Me>KKOHycHOM 
npocrpaHcrse ycMnMrenn CKopocTM 
onpeAennTCfi no seKropnoM A^sirpaMMe 
AaBneHMpi na cjDnr.4, Ha Koropoti o6o3HaHeHo: 

X - ocb, coBnaAaK)LAafl c HanpaBneHMeM 
Berpa; 

L - ocb, coBnaAaHDiAafl c o6pa3ytOLAeM 
OAHoro M3 KOHycoB; 
n - HopManb k L; 

Po - AaBneHMe Berpa b nanpasneHMM x or 

BXOAHoro noroKa b Me>KKOHycHOM npocrpancrBe 
ycMJiMrenji; 

POn - cocraanfltOLAafl po b HanpaBneHMM n; 

Pol - cocraanjiroinafl po b nanpasneHMM L; 

Pi - AsiBneHMe orpa>KeHHoro or Konyca 

noTOKa BOSAyxa; 

Pin- cocraBnf^K3iJ4a5^ p-i b HanpaBneHnn n; 

- cocraBnyiHDLAafi p-i b HanpaBnennn L; 
Pix - cocrasnflHDLAafl pi b HanpaBneHMM x; 
P2x - BTopan KBaAparypnafl 
cocraanflioLAafl pi; 

a - AononHMTenbHbiC^ yron k yrny naAOHMSi 
BXOAHoro noTOKa na KOHycHyKD noBepxHocrb; 
p - AononHMrenbHbiM yron Kyrny orpa>KeHMfl 

Ana OTpa>KeHHoro noroKa. 

EcnM B KaMecrBe MOAeJiM Mcnonbsosarb 
cnyMaM Kocoro yAsipa LuapuKa o noBepxHocrb c 
norepsRMM sneprMM [9], ro paanocrb Me>KAy 
P On ^ Pin MO>KHO rpaKTOBarb KaK norepra 
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flaaneHMfl An^i SesBoaepaTHbix noiepb, 
yxof^u\v\x Ha HarpeB KOHyca, a p in mast Ha 
MSMeHeHne BHyipeHHeM aHepruM Konyca. 
ComacHO [8] norepfl aneprMH onpeflenflercn no 

K03Cf)C|DMI4HeHTy BOCCTaHOBJieHMfl "k" KaK 

OTHOLuenne tg yma naflenun (90 °-a) k yrny 
OTpa>KeHiia (90°-(3), T.e. 

K = tg(90°-oc):tg(90°-p) = tgp :tgoc, (1 0) 

TA© K<1 . 

EcjiM noTepn na narpes OTcyrcTByioT, to 
K=1 , a Ann CTeKHAHHoro mapa, naflaioLi^ero na 
CTeKJiflHHyHD noBepXHOCTb K=15:16 »0,9375, 
T.e. 0,0625 OT BXOAHoro KonnHecTBa ABH>KeHMfl 
MAeT Ha HarpeB cTeKna. KoneHHo TaKafl MOAenb 
He MO>KeT nojiHOCTbfo o6"bncHHTb npoueccbi 
oTpa>KeHHfl HacTm4 BosAyxa ot noBspxHocTM 
KOHycoB M Tpe6yeT aKcnepuMeHTanbHbix 
Mcx^neAOBaHMM, ho oho a^st KaHecTBeHHyto 
CTopoHy npoi^ecca. norepn SHeprnn aasncflT ot 
KaMSCTsa noBepxHOCTH KOHycoB. Ecnn 
nosepxHOCTb OTnonnpoBaHa, to norepn 6yAyT 
MeHbiue, 4eM luepoxoBaToC^. riocKoribKy 
nnoTHOCTb "p" aaBMCMT ot Bna>KHOCTM BOSAyxa, 
to m noTepn SyAyT saBwceTb ot Bna>KHOCTM 
Bosflyxa (eeTep c AO>KAeM mjim go cneroM). Ecnn 
MAeanM3MpoBaTb npoL4ecc c OTcyTCTBi/iew 
6e3B03BpaTHbix norepb hq Harpee, T.e. 
CMMTaTb a =p , TO comacHo AnarpaMh/ie dpvirA m 

COOTHOLUeHMM (7) M (9) nOJiyMUM MOLUHOCTb 

exoflHoro noroKa ycunnTenn (11) 

Nb = Pb.Vb.7iDo:4, (11) 

a Ana BbixoAHoro noTOKa ycunnTenfl (12) 

Ni = Pix.ViB*7r(Di-Dl):4, (12) 

TAe Pb=po"Vb^-2 - AasjieHne BeTpa na 

BXOA© yCMJlMTeJIfl CKOpOCTM BGTpa; 

2 

Plx = po»Vi«cos2a:2 - AasneHne seTpa na 

BbixoAe ycunnTenfl; 

Vb - CKopocTb BGTpa Ha Bxofle ycMJiMTenfl; 

Vi - CKopocTb BeTpa na BbixoA© ycunnTenfl. 

nocKOJibKy noTepn na narpee KonycoB 
cx5rnacHo ycjioBnio MAeanM3aL\MM oTcyTCTsyioT, 
TO Ni=Nb, T.e. Kflfl ycMJiMTenji paeen 1. 

npupaBHfiB (11) \A (12) c yMeioM 
aaBUCMMOCTH Pq m P^^ o""" CKopocTei?i, nonynuM 
(13) 

Vb.Do = VT*(DT-D2)#cos2oc, (1 3) 

H3 KOToporo nonyHMM (14) 



Z 2 2 

L<J> -D y *casZ€tl •V 
a ± Z t 



= K >tV 

y i 



<±4> 



TAe 



3 /2 Z 

= n : c c D - 



D > •cosZOfl 
1 Z 



y r O 

K03(p(p\AU,viem ycMJieHMfl BeTpa. 

Ecnn ynecTb noTspn na HarpeB, to 
noAKopsHHoe Bbipa>KeHMe Heo6xoAi^MO 
ywiHOXHTb Ha Kflfl ycMJikiTenn. 
BejiUHMHa (x<45°, t.k. b 

cnynae (x=45'^ BbixoAHajR MOLi4HocTb ycunnTeji^i 
GyAGT paBHa 0 n bc51 cucTeiwa paGoTaib hb 
6yAeT, nosToiviy a peKOMeHAyeTCfl Bbi6i/ipaTb b 

npeAenax (15-30)°, t.k. ot a aaBucuT BbicoTa 
KonycoB H, a cooTBeTCTBeHHO, m paaiwepbi 
ycMfinTejifl. 

Ha BeKTopHoC^ AnarpaMMe cun <p\Ar.5 
OTo6pa>KeHO AewcTBue BOSAyuJHoro noTOKa b 2-x 
CTyneHflx Typ6MHbi. Ha 4)Mr.5 o6o3HaHeHo: 

1. L - ocb, rie>Kaii^afl b nnocKOCTH nonaTOK 
poTopoB CTyneHew TypBuHbi; 
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2. n - HopManb k nonaTKe (k ocm L); 

3. Fxi=So»Pix - CMJia, Aef^CTByfoiAajR na Bce 
jionaTKM nepBOM CTyneHU Typ6MHbi; 

4. So - njiou^aAb BXOAHoro OKHa bxoahom 

KpblLUKM CTaTopa TypBuHbi; 

5. Fni - npoeKL^Mfl cunbi Fxi na HopManb n; 

6. Fn2 - npoBKL^nfl CMfibi F^i Ha Hopiviarib K x; 

7. Fn3 - npoeKiJ,nfi cunbi Fni na ocb x; 
8 Fli - npoeKHHfl cnjibi Fxi Ha ocb L; 

9. F|_2 - npoeKL^Mfl cunbi Fli na Hopwianb k 
OCM x; 

10. Fl3 - npoeKL4Mfl cunbi Li na ocb x. 
Cuna Fxi pacKnaAbiBasTCfl na 2-e 

HopManbHbie CMJibi Fni n Fli. 3tmm 
pa3Jio>KeHi/ieM noTOK, nocTynajoLL^i/iM na nonaTKM 
nepBOM CTyneHM, pacKnaAbiBaercFi na 2-e 
cocraBrififOLL^ne - HopivianbHyKD, onpeAenafOMyK: 
cnjioPi Fni, M napanjieiibHyfo nonaiKaivi poTopa 
nepBOM CTyneHM, onpeAejifleMyto cunoPi F li- 
BTopan cocTasnflfOLnafl b bha© Buxpeaoro 
noTOKa yxoAUT bo BTopyio CTyneHb Typ6MHbi, a 
nepBan, nocjie pasnoxeHMn cunbi na F n2 ^^ 

F n3 Ha 2 nOTOKa, OAMH M3 KOTOpblX, 

onpeAenaeMbiM ckinoti F n2. ^ coaAaeT 
BpaLnajoLUMCi mombht na sany poTopa nepsoM 
ceKi^MM. riocne pa3Jio>KeHM?i F li na A^e 
cocTasnfifOLL^ne F l2 Fls, a c yneTOM Toro, 
HTO Fli HopManbHa k nnocKOCTAM nonaTOK 
BTopoM ceKL^MH, BpaLAaioLAi/ifi MOMeHT Ha Bany 
pOTopa BTopoM ceKL^MM onpeAenfleTCfl cunoM 

F L2. HOpManbHOM K OCM X. 

Ms A^arpaMMbi bmaho, hto 

nocKonbKy |Fn2l =|Fnil n OHM HanpaBneHbi 

HaBCTpeMy, to Me>KAy ceKi4Mflivin Heo6xoAHM 
psBepcMBHbiM peAyKTop, cornacyhDinMM 
HanpaBneHMJi Bpaii^eHUfl Banoe ceKi^MM, hto 

B03MOKHO nMLUb npH HeHBTHOM KOnMHBCTBe 

sai^ennBHULi lubctspbh psAyKTopa, a c yHBTOM 

COOCHOCTM OCBM HBpBOC^ H BTOpOM CTyHBHH, HX 

Aon>KHo 6biTb min 3, hto m 3ano>KeHO b 
KOHCTpyKL^HM ctDnr.2. 

CBi^3b Me>KAy Typ6MHOM M 
sneKTporeHepaTopoM MO>KeT ocyLL^ecTsnnibCfl 

HSBeCTHblMM CnOC06aMM (peMeHb, nOBblLUaK)LI4HM 
peAyKTop, MycjDTbl). 

riOCKOnbKy OCHOBHbIM BOSMymeHMeM AHFI 

TBHepaTopa b asihhom cnynaB ^Bn^eic^ 

M3MBHBHMB BBEMHUHbl CKOpOCTH BBTpa, TO M 

CTa6nnM3ai4H5R Hanp5q>KBHH?i na 3a>KHMax 
reHeparopa ocyLnecTBnsRBTca HBpss 
CTa6nnM3aiJ,nKD 3neKTpoABM>KyLL\ePi cMjibi (3flC). 

ynpaenflfOLHHM B03AeMCTBMeM ABn^ieTcn tok 
B036y>KAeHHfl renepaTopa ie- 

3aBMCMMOCTb 3flC OT MarHMTHoro noTOKa 0 
M yrnoBOM MacTOTbi « onpeAenMTCfl (15) 

E = K C1S> 

r r § 

rAe Ep - 3flC reHepaTopa; 
00 - yrnoBan nacTOTa BpaLu;eHMn sana 
renepaTopa; 

O - MarHMTHbIM nOTOKj 

Kr=[(N.P):(27u.a)]; 

N - HMcno CTspKHsi^ flKopHoi^ i4enM 
renepaTopa; 

p - HMcno nap noniocoB; 

a - HMcno nap napannenbHbix seTseM. 

Ha c|3Mr.6 npsACTaBneHbi rpacjDHKM Er=f(iE) 



CO 



03, 



H «2' 

HacTOTa, 



reHeparopa nacTOT 

npMHeW (£>^<(iiy^<(£>2^ Vf\B ^„ 
COOTBeTCTByfOLL^an HOMMHanbHbIM pe>KMMaM 

pa6oTbi renepaTopa, onpeAenfleTcsi 3Ha4eHMflMM 



o 
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00 
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ro 

to 

K> 
00 
00 
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Er^EpH. iB^isH Ha rpacjDiiKe » = 

ripn yBejiMHeHMH CKopocTM Beipa 
yBennHMTCfl m m ao a>2. B 3T0M cnynae 3flC 

yeejiMHUTCfl Ha eejiMHUHy aEp m ati^^ 

nOflaepxaHM^l E r=ErH TOK B036y>KfleHM51 

Heo6xoflMMO yweHbLuaTb ao 1^=12, 
M3o6pa>KaK)Lnafl TOHKa Syfler nepeivieLnaTbCfl no 
BepxHerwy rpacpnKy or tohkm "a" ao to^kh "b". 
ripki yMeHbiueHMM (0 AO (o-i 3flC yMeHbiunTCfl Ha 

BeJlMHMHy - aEp H TOK B036y>KAeHMfl 

is Heo6xoAi/iMO yseni/i'-iMBaTb ao iB=ii, HTo6bi 
E r= ErH= H3o6pa>KaiOLnafi TOHKa SyAer 
nepeMeLL^aTbCiR no HM>KHeMy rpacjDHKy ot tohkh 
"c" AO "d". 

Ha cf)i/ir.7 npeAcraBJieH rpacjDMK 3aBHCMMOCTi/i 
MamMTHoro noTOKa ot TOKa B036y>KAeHMfi. 

Ha cjDnr.8 npeACTaBrena cxeivia co 
CTa6miM3aTopoM 3flC renepaiopa, na KOTopoM 
o6o3HaHeHo: 

1 - renepaTop; 

2 - BbixoflHaa i^enb HarpysKH renepaTopa; 

3 - AaTHHK yrnoBOM nacTOTbi 
(TaxoreHeparop) ; 

4 - cjDyHKi^noHajibHbiC^ sjieMeHT, 
OTo6pa>KatoLi4MM rpacfjuK dpv\r.7; 

5 - ycMJimejib; 

6 - ynpaBJiflKDii^MCi tokom B036y>KAeHMfl 6jiok; 
00 - yrnoBafl HacTora Bpau^eHun Bana, 

paBHafl 7c«n:30; 

n - o6opoTbi Bana; 
Ep - 3p,C renepaTopa; 

Uh - Hanp5=i>KeHMe HarpysKn; 

0 - noTOK B036y>KAeHH5i; 
ig - TOK B036y>KAeHH5q; 

Er3 - saflaHHoe sHaHeHne 3flC reHepaTopa; 
aEp - OTKntoHeHne 3flC Ep or Eps- 
Pa6oTa CTa6nnM3aTopa onpeAeJifleTca 
cneAyK)L4MM o6pa30M. 

ripH M3MeHeHMM CKOpOCTM Beipa kl3MeHflTCfl 

o6opoTbi Typ6MHbi M yrnoBOM HacTOTbi © Bana 
renepaTopa, KOTopa^ MSMepflercyi asithmkom 3, 
MSMeHMTCfl M 3flC reHepaiopa E r, hto npn 
HajiMHUt^ KOHTypa narpysKH He npeACTaejifleTCfi 
B03M0>KHbiM, B npeATiaraeMoPi cxeiwe 3Ta 
BenuMMHa BbNucnaeTCfi nyTeivi nepeMHOxennfl 
ckirHanoB ot AaTMUKa yrnoBOM CKopocTH co m 
curHana ot HernHeMHoro ajieivieHTa 4. 

B 3TOM cnynae nocTOfiHHbiM KOGcjDcjDni^neHT 
BbixoAa MHO>KLiTenbHoro ycTpoMCTBa AO-n>KeH 
6biTb paseH Kp. BbixoA MHO>KMTejibHoro 
ycTpoMCTBa, pasHbiM Er (ecnn nocT05qHHoro 
K03c|3c|DMi4neHTa HeAOCTaTO"-iHO Ann paseHCTBa 
Kp, TO Heo6xoAMM ycMJiMTejib Hanpn>KeHi/in), 
cpaBHiiBaeTC5R c 3aA^HHblM Hanpn>KeHkieM 
renepaTopa EpH, a OTKnoHeHne ^Ep nepes 
ycuriMTejib 5 nepeAaeTcn b ynpaBnnfoinee 
ycrpoMCTBO tokom 6 ^^9\ aBTOMaTn^ecKoro 
nepeMemeHMfl n3o6pa>KafOLJ4eM tomkh ms "a" b "b" 



HnH M3 "c" B "d". 



Aon>KeH 



HennHeMHbiM sneivieHT 4 
cooTseTCTBOBajb rpac|DMKy dpv\r.7. 

ripmviep BeTpoTpy6MHHoii ajieKTpocTaHi^MM c 
napaMeipaiviM: Do=6 m; Di=3,I m; D2=2,9 m; 

BblCOTa OKHa BblXOflHOM KpblLUKM nepBOM CTyneHM 

Typ6MHbi h=0,1 m; a=15°; H - BbicoTa KonycoB 
paBHa 5,4 m; p=1 ,3 

Kr:M ^; iiy=0,95; nT=0,95; i>=0,9. fljia AaHHbix 
napaivieTpoB npn cKopocTn BeTpa Vb=10 m/c 
nojiynuM Nb=1 8,378 kBt, npn y^= 12,5 m/c, 
Nb=35,895; npM Vb=15 m/c, Nb=62,027 kBt, 
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COOTBeTCTBeHHO C yHBTOM Kflfl SneKTpOCTaHl^HM 

nonyHMM aha V b=10; N3c=14,927 kBt, npn 

V B=20 m/c; Nb= 147,027 kBt. CooTBeTCTseHHO 
c y^eTOM Kflfl aneicrpocTaHL^MM nonyMMM Ann 

V B=12,5 M/c; N3c= 28,2899 kBt; npn Vb=15 m/c; 
N3c=50,49 kBt npi/i Vb=17,5 m/c, 80,177 
kBt; Vb=20 m/c; N3c=1 19,423 kBt. 

□ peAnaraeMafi KOHCTpyKi^niR 
BeTpoTypSMHHOM sneKTpocTaHL^MM MOXeT HaClTM 
LunpoKoe npuMeHGHne b c^epMepcKnx 

X035RMCTBaX ATliR 3KOHOMMM 3neKTp03HeprHH , 3 

TaioKe B MecTax c GojibLUMMH sanacaMM SHepruM 
BSTpa, B "^acTHOCTM Ha 6eperax Mopeii m 
OKeanoB. 
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ct>opMyna M3o6peTeHM5q: 

1 . BeTpoTypSnHHai^ aneKTpocTaHi^ufi, 

BKJIKJMaKJLL^afl B Ce6fl yCMJIMTenb CKOpOCTH 

BeTpa, BOSAyuJHyHD TypSnny m renepaTop 
nocTOfiHHoro TOKa co CTa6MriM3aTopoM 
3neKTpoABM>KyLLj,ei?i ci/iJibi, OTJiMHaK)Lnanca tsm, 
HTO B HePi nocjiBAOBaTenbHO BKiifOHeHbi 
ycMJiMTenb CKopocTH BeTpa, AByxcTyneHHaTan 
BosAyLUHaiR Typ6nHa m sneKTporenepaTop 
nocTOflHHoro TOKa co CTaOnnnsaTopoM 
3neKTpoABM>KyLL^ePi ci/inbi. 

2. BeTpoTyp6nHHa?i aneKTpocTaHi^ufi no n.1, 
OTnMHaK)iJ4a?ic5i tbm, hto ycMnnTejib CKopocTH 
BeTpa cocTOUT H3 2-x KOHycoB BHeLUHera m 
BHyTpeHHero, pacnonojKeHHbix HaacTpeny Apyr 

Apyry CBOMMM BepLUMHaMM M OKMMaiOLl^MMM 

BosflyLUHbiM noTOK, yBejiMHUBafl CKopocTb BeTpa. 

3. BeTpoTyp6MHHafl aneKTpocTaHi^Mfl no n.1, 
OTJiMHafoiAanciR TeM, hto BOSAyujHan Typ6MHa 
cocTOMT MS 2-X nocneAOBaTejibHbix cTynenew, 
npuHOM nepsa^i CTynenb pa6oTaeT na 
jiaMi/iHapHbiC^ BOSAyujHbiC^ noTOK, a BTopa^ - na 

BMXpeBOC^. 

4. BeTporypCuHHafl aneKTpocTaHi^nfl no n.1, 
OTJiMHaKDiAancfl TeM, hto Ana nonyHennfl 
MaKCMManbHoro Bpaii^aioLi^erocsR MOMeHTa na 
Banax poTopoB CTyneneM nonaTKH (jionacTn) 

poTopoB pacnonarafOTCfl noA ymoM 45 ° k och 
BpaLneHMfl, a no OTHOLueHMio CTyneneM noA 

yrnoM 90°. 

5. BeTpoTyp6nHHafl 3JieKTpocTaHi4Mfl no n.1, 
OTnMHafOLJj,aficfl tbm, hto ah^i comacoBaHUfl 
HanpaBJieHMJi Bpau^eHna poTopoB CTyneneti m 
coocHOCTM BanoB poTopoB Me>KAy CTyneHFiMM 
npeAycMOTpeH cornacyfOLHHM peAyKiop c 3-mji 
syGnaTbiMn sanenneHUfiMM. 

6. BeTpoTyp6nHHa?i 3JieKTpocTaH 141/151 no n.1, 
OTDMHaHDinaflCjR TBM, HTO B CTaGnjiMsaTope 
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3neKTpoABM>KyLL4eM cnjibi npeflycMOTpeHO 
ycTpoMCTBo, ctiopMynnpytoLuee TSKyiuee 
SHaMeHne 3flC, cocTOflu^ee m3 HennHeRHoro 
srieMeHTa, bxoaom b KOTopbiM ABJiJieTCfl tok 
B036y>KfleHMfl, a BbixoflOM-curHari, 
nponopi^kioHanbHbiM MamnTHOMy noTOKy n 
MHO>KMTenbHoro aneMSHTa, b KOTopbii^ BxoflflT 



cumanbi or Heni/iHetiHoro aneMeHia v\ or 
flaiHMKa ymoBOM CKopocTH (raxoreHepaTopa), a 
BbixoflOM - Hanpfl>KeHMe, paBHoe 3flC, KOTopoe 
cpaBHi/iBaerc^ c aaAaHHbiM, m OTicnoHeHbie 
noAaercji b 6noK ynpaBJieHUfl tokom 
B036y>KAeHMfl reHepaTopa. 
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